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We investigate the superconducting order parameter, the spectral and optical properties in a
stripe model with spin (charge) domain-derived scattering potential Vs (Vc). We show that the
charge domain-derived scattering is less effective than the spin scattering on the suppression of
superconductivity. For Vs ≫ Vc, the spectral weight concentrates on the (pi, 0) antinodal region,
and a finite energy peak appears in the optical conductivity with the disappearance of the Drude
peak. But for Vs ≈ Vc, the spectral weight concentrates on the (pi/2, pi/2) nodal region, and
a residual Drude peak exists in the optical conductivity without the finite energy peak. These
results consistently account for the divergent observations in the ARPES and optical conductivity
experiments in several high-Tc cuprates, and suggest that the ”insulating” and ”metallic” properties
are intrinsic to the stripe state, depending on the relative strength of the spin and charge domain-
derived scattering potentials.
PACS numbers: 74.20.Mn, 74.25.Ha, 74.25.Jb, 74.72.Bk
I. INTRODUCTION
The nature of spin and/or charge inhomogeneities, es-
pecially in the form of stripes, in some cuprates and their
involvement to high-temperature superconductivity are
currently debate issues.1 The stripe state is character-
ized by the self-organization of the charges and spins
in the CuO2 planes in a peculiar manner, where the
doped holes are arranged in one-dimensional (1D) lines
and form the so-called ”charge stripe” separating the an-
tiferromagnetic domains. The stripe-ordered state mini-
mizes the energy of the hole-doped antiferromagnetic sys-
tem, thus leading to an inhomogeneous state of matter.
Static one-dimensional charge and spin stripe order have
been observed experimentally in a few special cuprate
compounds, specifically in La1.6−xNd0.4SrxCuO4
2,3 and
La2−xBaxCuO4 with x = 1/8.
4,5 Similar signatures iden-
tified in La2−xSrxCuO4 (LSCO)
6,7,8,9 and other high
temperature superconductors10,11,12 point to the possible
existence of stripes, albeit of a dynamical or fluctuating
nature.
A pivotal issue about this new electronic state of mat-
ter concerns whether it is compatible with superconduc-
tivity, and possibly even essential for the high transition
temperatures, or it competes with the pairing correla-
tions. A prerequisite for addressing these issues is to un-
derstand the electronic structures of various stripe states
in different cuprates, and to answer the question whether
the stripe phase is intrinsically ”metallic” or ”insulating”,
given its spin- and charge-ordered nature. Angle-resolved
photoemission spectroscopy (ARPES) study by Zhou
et al. in (La1.28Nd0.6Sr0.12)CuO4 with static stripes
have found the depletion of the low-energy excitation
near the (π/2, π/2) nodal region.3 In another compound
La1.875Ba0.125CuO4, a system where the superconductiv-
ity is heavily suppressed due to the development of the
static spin and charge orders, Valla et al. have detected
the high spectral intensity of the low-energy excitation in
the vicinity of the (π/2, π/2) nodal region [while antin-
odal low-energy quasiparticle near (0, π) are gapped].13
The compound (La1.4−xNd0.6Srx)CuO4 (x = 0.10 and
0.15) with static one-dimensional stripe, seems to be an
in-between system, in where the existence of spectral
weight around the nodal region, though weak, has been
identified.14
Meanwhile, optical conductivity measurements on
the systems with a stripe phase also display the di-
vergent results. In La1.275Nd0.6Sr0.125CuO4
15 and
La1.875Ba0.125−xSrxCuO4,
16 a finite frequency absorp-
tion peak with almost disappearance of the Drude mode
in the low-frequency conductivity in several experiments
has been interpreted as collective excitations of charge
stripes or as charge localization from the disorder created
by Nd or Ba substitutions. These observations may sup-
port the suggestion that such stripe-ordered state should
be ”insulating” in nature.17 On the other hand, opti-
cal experiment on La1.875Ba0.125CuO4
18 has observed
a residual Drude peak with a loss of the low-energy
spectral weight below the temperature corresponding to
the onset of charge stripe order, which indicates that
stripes are compatible with the so-called nodal-metal
state.18,19,20,21,22,23
Although, there have been some theoretical studies on
the spectral and optical properties in the stripe phase
in the past years ,24,25,26,27 the contradictory observa-
tions in recent experiments as mentioned above have yet
not been explained consistently in theoretical frame by
adopting a realistic stripe model. In this paper, by using
a stripe model in which the experimentally observed spin
and charge structures at 1/8 doping are well reflected,
we show that the spin domain-derived scattering will de-
press the zero-energy spectral weight around the nodal
regions, while the charge domain-derived scattering will
suppress mostly those around the antinodal regions and
the hot spots. Compared to the ARPES data, this sug-
2gests that the different spectral weight distribution may
result from the different relative strength of the spin
and charge domain-derived scattering potentials inher-
ently existing in these compounds. Meanwhile, a finite
frequency peak in the optical conductivity appears with
the disappearance of the Drude peak in the case of the
dominant spin domain-derived scattering. While, when
the charge domain-derived scattering is comparable to
the spin one, a residual Drude peak exists with the dis-
appearance of the finite energy peak. This suggests that
both the ”insulating” and ”metallic” properties are in-
trinsic to the stripe state without introducing another
distinct metallic phase.
The rest of this paper is organized as follows. In Sec.
II, we introduce the model Hamiltonian and carry out
the analytical calculations. In Sec. III, we present the
numerical calculations and discuss the results. In Sec.
IV, we present the conclusion.
II. THEORY AND METHOD
As the above discussed compounds have a doping den-
sity at or near 1/8, we will in this paper consider the 1/8
doping antiphase vertical stripe state. A schematic illus-
tration of its charge and spin pattern is presented in Fig.
1. The charge stripes, with a unit cell of 8 lattice sites
(Note for 1/8 doping, there is one hole for every two sites
along the length of a charge stripe), act as antiphase do-
main walls for the magnetic order, so that the magnetic
unit cell is twice as long as that for charge order. Due to
the periodical modulation of the stripe order, the elec-
trons moving in the state will be scattered by the mod-
ulation potentials. After Fourier transformation, the po-
tential Vn can be written as the scattering term between
the state k and those at k±nQ with Q = (3π/4, π). Fol-
lowing Ref. 28, we expect that the terms V1 and V2 will be
the dominant spin and charge domain-derived scattering
term, and will be relabeled as Vs and Vc in the follow-
ing, respectively. The weaker higher harmonic terms will
be neglected here. In the coexistence with the super-
conducting (SC) order, the model Hamiltonian can be
written as a 16×16 matrix for k in the reduced Brillouin
zone,
Hˆ =
∑
k
′Cˆ†(k)
(
Hˆk ∆ˆk
∆ˆk −Hˆk
)
Cˆ(k), (1)
where, the prime denotes the summation over the re-
duced Brillouin zone. Cˆk is a column vector with its
elements Ci(k) = Ck+(i−1)Q,↑ for i = 1, 2, · · · , 8, and
C†
−k−(i−9)Q,↓ for i = 9, 10, · · · , 16. Both Hˆk and ∆ˆk are
8× 8 matrix with
Hˆk =


εk Vs Vc 0 0 0 Vc Vs
Vs εk+Q Vs Vc 0 0 0 Vc
Vc Vs εk+2Q Vs Vc 0 0 0
0 Vc Vs εk+3Q Vs Vc 0 0
0 0 Vc Vs εk+4Q Vs Vc 0
0 0 0 Vc Vs εk+5Q Vs Vc
Vc 0 0 0 Vc Vs εk+6Q Vs
Vs Vc 0 0 0 Vc Vs εk+7Q


, (2)
and
∆ˆk =


∆k 0 0 0 0 0 0 0
0 ∆k+Q 0 0 0 0 0 0
0 0 ∆k+2Q 0 0 0 0 0
0 0 0 ∆k+3Q 0 0 0 0
0 0 0 0 ∆k+4Q 0 0 0
0 0 0 0 0 ∆k+5Q 0 0
0 0 0 0 0 0 ∆k+6Q 0
0 0 0 0 0 0 0 ∆k+7Q


. (3)
As for the tight-binding energy band, we will choose the
following form,29,30
εk = −2(δt+ J
′
χ0)(cos kx + cos ky)
−4δt
′
cos kx cos ky − µ. (4)
where, δ is the doping density, and a d-wave SC order pa-
rameter ∆k = 2J
′
∆0(cos kx− cos ky) is assumed. Gener-
3ally, the charge modulation will induce the modulation of
the SC order leading to the finite momentum pairs. How-
ever, in the present study, one of our aim is to examine
the effect of the spin (charge) domain-derived scatter-
ing on the SC order. In this regard, the average value
of the SC order parameter is relevant and the modula-
tion of the SC order will be ignored. We have checked
the effect of this modulation and found no qualitative
change in the results presented in Fig. 2. In the follow-
ing, J = 100meV is taken as the energy unit, t = 2J ,
t
′
= −0.45t, J
′
= 38J . This dispersion can be de-
rived from the slave-boson mean-field calculation of the
t − t
′
− J model29,30, and in this way the parameters
∆0, χ0 and µ are determined self-consistently. Here we
take it as a phenomenological form. In a self-consistent
calculation, the Hamiltonian is first diagonalized by a
unitary matrix Uˆ(k) with a set of trial values of ∆0, χ0
and µ for given potentials Vs and Vc. Then ∆0, χ0 and
µ are self-consistently calculated by using the relations:
±∆0 = 〈ci↑ci+τ↓ − ci↓ci+τ↑〉 (To get the d-wave pair-
ing, the sign before ∆0 takes + for τ = ±xˆ and − for
τ = ±yˆ, where xˆ and yˆ denote the unit vectors along
x and y directions, respectively.), χ0 =
∑
σ〈c
†
iσcjσ〉, and
n =
∑
σ〈c
†
iσciσ〉, respectively. Reformularization of the
expressions of ∆0, χ0 and µ in terms of eigenfunctions
and eigenvalues of the Hamiltonian, one obtains the self-
consistency relations
∆0 = −
1
N
∑
k
(cos kx − cos ky)
16∑
m=1
U1m(k)U
†
m9(k)f [Em(k)]
χ0 =
1
N
∑
k
(cos kx + cos ky)
16∑
m=1
U1m(k)U
†
m1(k)f [Em(k)]
n =
2
N
∑
k
16∑
m=1
U1m(k)U
†
m1(k)f [Em(k)], (5)
where, Em(k) is the eigenvalue of the Hamiltonian,
Umn(k) the elements of the matrix Uˆ(k), and f [Em(k)]
is the Fermi-Dirac distribution function.
Then, the single particle Green functions Gij(k, iωn) =
−
∫ β
0
dτ expiωnτ 〈TτCi(k, iτ)C
†
j (k, 0)〉 can be expressed as
Gij(k, iωn) =
16∑
m=1
Uim(k)U
†
mj(k)
iωn − Em(k)
, (6)
and the spectral functions is
Aij(k, ω) = −
1
π
ImGij(k, ω + i0
+). (7)
III. RESULTS AND DISCUSSION
A. Self-consistent calculation of the SC order
parameter
We first present in Fig. 2 the self-consistent results of
the SC order parameter as a function of Vs and Vc. While
the scattering from both spin and charge domain-derived
scattering potentials in the stripe state leads to the sup-
pression of the SC order parameter, the charge domains
are more compatible with superconductivity than spin
domains, as can be seen from Fig. 2(a). This may sup-
port the statement that the SC pairing in the stripe state
occurs most strongly within the charge stripes.31 On the
other hand, an interesting feature is that the SC order
parameter will be zero at the spin domain-derived scat-
tering potential Vsc ≈ 0.14 in the absence of the charge
domain-derived scattering, however, it will develop a no-
ticeable value after turning on the charge domain-derived
scattering potential, as shown in Fig. 2(b). This shows
that the charge domain-derived scattering will lead to the
emergency of the SC order which is otherwise destroyed
by the spin only scattering.
B. Distribution of spectral weight
In Fig. 3, we present the distribution of the low-energy
spectral weight in the original Brillouin zone (integrated
over an energy window ∆ǫ = 0.1J about ǫF ) in the 1/8
antiphase stripe state for different spin (charge) domain-
derived scattering potential Vs (Vc). Let us first look
at the limit where only the spin domain-derived scatter-
ing is included, i.e., Vc = 0 with Vs = 0.15, one will
find that the spectral weight around the nodal region
is suppressed heavily[See Fig. 3(a)]. At another limit
where only the charge domain-derived scattering is in-
cluded (Vc = 0.17 with Vs = 0), the spectral weight
around the nodal region is recovered and those around
the hot spot (the cross of the Fermi surface with the line
kx ± ky = ±π) and near the antinodal region are sup-
pressed[See Fig. 3(b)]. Starting from the limit of Vc = 0
4and fixing Vs = 0.15, the spectral weight will redistribute
gradually from the antinodal region to the nodal region
with the increase of the charge domain-derived scatter-
ing potential Vc, as shown in Figs. 3(c) and (d). When
two scattering potentials are comparable, the strongest
spectral weight situates around the nodal region, and at
the meantime noticeable spectral weights along the whole
Fermi surface is presented. Therefore, the divergent fea-
tures observed in ARPES measurements by Zhou et al.
in (La1.28Nd0.6Sr0.15)CuO4
14 in which the low-energy ex-
citations near the nodal region are depleted, and by Valla
et al. in La1.875Ba0.125CuO4
13 in which the high spec-
tral intensity of the low-energy excitation in the vicinity
of the nodal region is detected are consistently repro-
duced here by a change of the relative strength between
the charge and spin domain-derived scatterings. This
consistent accounting enables us to propose that the spin
domain-derived scattering dominates over the charge one
in the former system while the scattering strengthes of
them are comparable in the latter system.
In the presence of the spin (charge) domain-derived
potential, quasiparticles near the Fermi surface will be
scattered from k to k ± nQ (n=1 for the spin domain-
derived potential, n=2 for the charge one), for the 1/8
antiphase vertical stripe configuration shown as Fig. 1.
This gives rise to two scattering channels from the spin
domain with potential Vs,
k → k+Q = k+ (3π/4, π),
k → k−Q = k+ (5π/4, π), (8)
and two scattering channels from the charge domain with
potential Vc,
k → k+ 2Q = k+ (3π/2, 0),
k → k− 2Q = k+ (π/2, 0). (9)
Strong potential scattering will destruct those parts of
the Fermi surface connected by the above mentioned scat-
tering wave vectors. Because the scattering wave vectors
Q and −Q are close to the transferred momenta from
the node to node scattering, so it will lead to a depletion
of the spectral weight near the nodal region as shown in
Fig. 3(a). On the other hand, the scattering wave vectors
2Q and −2Q, which is near the connecting wave vectors
between the two approximately parallel segments of the
Fermi surface near the antinodal and hot spot region,
the scatterings with these wave vectors will suppress the
spectral weights around the antinodal and hot spot re-
gions [Fig. 3(b)].
C. In-plane optical conductivity
Now, we turn to the discussion of the in-plane op-
tical properties in the 1/8 antiphase stripe state, and
to see how they are influenced by the scattering from
the spin and charge domains. We will fix the temper-
ature at T = 0.05 in all calculations, in order to avoid
the influence from the temperature induced change in
the scattering rate. We consider an electric field ap-
plied in the x direction, which is perpendicular to the
stripe. From the Kubo formula for the optical con-
ductivity, the real part of the optical conductivity is
σ1(ω) = − limq→0 Im[Π(q, ω)]/ω. The imaginary part of
the current-current correlation function Im[Π(q → 0, ω)]
is given by
Im[Π(q → 0, ω)] =
π
N
∑
k
′
16∑
j,l=1
vjj(k)vll(k)
×
∫
dω
′
[f(ω + ω
′
)− f(ω
′
)]
×Ajl(k, ω
′
)Alj(k, ω + ω
′
). (10)
Here, vjj(k) is the diagonal element of the quasiparticle
group velocity in the matrix form
vˆ(k) =
(
∂Hˆk
∂kx
0
0 −∂Hˆk
∂kx
)
. (11)
Figs. 4(a)-4(d) show the results for the optical conduc-
tivity calculated with the same scattering potentials as
used to get Fig. 3(a)-3(d). With only spin domain-
derived scattering[Fig. 4(a)], no Drude-like component
appears at zero frequency in the optical conductivity, in-
stead a finite frequency conductivity peak occurs around
0.3. This indicates that the system exhibits the ”in-
sulating” property.32 When only charge domain-derived
scattering is considered[Fig. 4(b)], the Drude-like peak
shows up and at the meantime the finite frequency peak
remains. Optical conductivity involves the contribution
from the quasiparticle excitations along the whole Fermi
surface weighted by the quasiparticle group velocity. Due
to the relative flat band structure near the antinodal re-
gion for the high-Tc cuprates, the zero frequency optical
conductivity mainly comes from the quasiparticle excita-
tions around the nodal region. In the case of only spin
domain-derived scattering, the nodal region of the Fermi
surface is gapped and therefore the quasiparticle spectral
weight is suppressed around the nodal region as shown
in Fig. 3(a), so that the zero-frequency Drude-like peak
is absent and a finite frequency peak with its position
being equal to the gap (≈ 2Vs = 0.3) occurs. For the
charge domain-derived scattering, the gap opens around
the hot spots and near the antinodal, but a large spec-
tral weight situates around the nodal region, as can be
seen from Fig. 3(b). Thus, the Drude-like peak emerges
and the finite frequency peak remains (it is now situ-
ates at ≈ 2Vc = 0.34). As shown in Fig. 3(c), with
the increase of the charge domain-derived scattering Vc,
the gap near the nodal region which is resulted from the
spin domain-derived scattering will be suppressed grad-
ually and correspondingly the spectral weight will be en-
hanced. As a result, the finite frequency peak in the opti-
cal conductivity is shifted to lower frequency and the zero
frequency component is lifted up gradually[Fig. 4(c)].
5When the charge domain-derived scattering is compara-
ble to the spin one, the quasiparticles have noticeable
spectra weight along the entire Fermi surface with its
largest weight around the nodal region[Fig. 3(d)], then
the Drude-like mode occurs at the zero frequency, and
the finite frequency peak fades away and merges into the
Drude-like peak, as shown in Fig. 4(d). The calculated
results for the optical conductivity presented in Figs. 4(c)
and 4(d) are consistent well with the experimental obser-
vations in the stripe state of La1.275Nd0.6Sr0.125CuO4
15
and La1.875Ba0.125CuO4
18, respectively.
D. Discussion
We now discuss the implication of our theoret-
ical results. As noted in the introduction, in
La1.275Nd0.6Sr0.125CuO4 system, ARPES experiment
has found that there is little or no low-energy spectral
weight near the nodal region,3 and optical conductivity
experiment has observed a finite frequency peak with al-
most the disappearance of the Drude mode, indicating
an ”insulating” stripe state.15,16 These spectroscopic fea-
tures can be reproduced here with a strong spin domain-
derived scattering potential Vs = 0.15 and a weak charge
domain-derived potential Vc = 0.08 and Vc = 0, as shown
in Figs. 3(a), 3(c), 4(a) and 4(c). Interestingly, in this
parameter regime for the spin and charge domain-derived
scattering, the SC order is destroyed as can be seen from
Fig. 2(b). This is in consistent with the experimental
fact that La1.275Nd0.6Sr0.125CuO4 is nonsuperconduct-
ing. In another cuprate La1.875Ba0.125CuO4, ARPES
spectra have identified the existence of high spectral in-
tensity around the nodal region,13 and the optical con-
ductivity measurement has observed a residual Drude
peak without the finite frequency peak,18 pointing to a
so-called nodal metal state.18,19,20,21,22,23 When compa-
rable spin and charge domain-derived scattering poten-
tials are assumed such as Vs = 0.15 and Vc = 0.17, we can
reproduce these features consistently, as shown in Figs.
3(d) and 4(d). On the other hand, a weak supercon-
ductivity emerges in the otherwise nonsuperconducting
regime (when only spin scattering potential Vsc is con-
sidered) with the increase of the charge domain-derived
scattering potential[see Fig. 2(b)]. This suggests that the
weak superconductivity in La1.875Ba0.125CuO4 is likely
beneficial from the metallic behaviors of the stripe state
originated from a sufficient charge domain-derived scat-
tering. The above mentioned consistent accounting for
both divergent spectroscopic features observed in two
families of high-Tc cuprates indicates that the stripe
state may be intrinsically ”insulating” or ”metallic”, de-
pending on the relative strength of the spin and charge
domain-derived scattering potentials. Specifically, a large
spin domain-derived scattering potential favors the ”in-
sulating” state, while a large charge domain-derived scat-
tering potential the ”metallic” state.
IV. CONCLUSION
We have calculated the SC order parameter, the spec-
tral function and the optical conductivity in a stripe
model with spin and charge domain-derived scattering
potentials (Vs and Vc). The self-consistent calculation of
the SC order parameter shows that the charge domain-
derived scattering is less effective than the spin scattering
on the suppression of superconductivity, and may even
lead to the emergency of the SC order which is otherwise
destroyed by the spin only scattering. For Vs ≫ Vc, the
zero-energy spectral weight disappears around the nodal
points, and a finite energy peak appears in the optical
conductivity with almost the disappearance of the Drude
peak. But for Vs ≈ Vc, the spectral weight concentrates
on the nodal region, and a residual Drude peak exists in
the optical conductivity without the finite energy peak.
These results consistently account for the divergent spec-
troscopic properties observed experimentally in two fam-
ilies of high-Tc cuprates, and demonstrate that both the
”insulating” and ”metallic” behavior may be the intrinsic
properties of the stripe state, depending on the relative
strength of the spin and charge domain-derived scatter-
ing potentials.
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FIG. 1: (Color online) Schematic illustration of the charge
and spin patterns in the 1/8 doped antiphase stripe state.
Circles represent the charge domain wall (An empty circle
indicates a hole density of one per site), and arrows the copper
spins.
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FIG. 2: (Color online) (a) Superconducting order parameter
as a function of Vs and Vc, respectively. (b) A two-dimensional
map of the superconducting order parameter in the parameter
space of Vs and Vc.
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FIG. 3: (Color online) Spectral weight distribution for differ-
ent spin (charge) domain-derived scattering potentials in the
normal state with (a) Vs = 0.15 and Vc = 0, (b) Vs = 0 and
Vc = 0.17, (c) Vs = 0.15 and Vc = 0.08, and (d) Vs = 0.15
and Vc = 0.17, respectively.
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